Introduction
The first in-situ split procedure performed by Hans Schlitt in Regensburg in 2007 was adopted 10 years later as a new method to face extensive liver disease requiring staged procedures by many centers in Germany and worldwide [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
After the first German multi-institutional series was published in 2012 [3] , the HPB (hepato-pancreato-biliary surgery) community was excited, fascinated, and yet somewhat shocked by the high morbidity and mortality (M&M) that the new method -today referred to as ALPPS (associating liver partition and portal vein ligation for staged hepatectomy) [14] -had shown to produce. Many in the conservative arm of the HPB community advocated the immediate stop of the use of this procedure [8, [15] [16] [17] [18] [19] [20] [21] [22] ; however, others realized the potential of the new strategy once HPB surgeons had overcome the initial learning curve, and proposed a unique approach to this newly introduced method with the founding of the international ALPPS registry (www.alpps.net). With this, a platform was given to all to study actual results and to learn and further develop the method. With all the known flaws and limitations of such registries, it still remains a unique dataset. At the time when laparoscopic cholecystectomy was introduced, no one had thought of setting up a registry. Even laparoscopic bowel or liver surgery was started without monitoring; registries were implemented 10 years after the use of these techniques had become widespread. The ALPPS registry has been extensively studied and has produced helpful results so far including the understanding of pitfalls [23] [24] [25] [26] .
In February 2015, an International Expert Meeting on ALPPS took place in Hamburg (www.alpps.co), bringing together all Keywords ALPPS · In-situ split · Liver · Two-stage Summary Background: ALPPS (associating liver partition and portal vein ligation for staged hepatectomy) was introduced only 10 years ago and has gained wide acceptance as a variation of staged procedures in liver surgery. It has been criticized for its high morbidity and mortality, which all centers reported in their initial series. Methods: After a world expert meeting in Hamburg in 2015 where all experts in the field met to discuss this method, caveats were extracted and formulated. We researched our complete prospective ALPPS database to see if the recommendations had any impact on outcome. Results: In total, we performed 58 ALPPS procedures in our center. 33 patients were operated on before, 25 after the meeting. Results in terms of morbidity and mortality were significantly better after the meeting, as were patient selection and strategy. Conclusion: In our own center's experience, the implementation of the meetings' recommendations and the information gathered through this valuable exchange had a dramatic impact on results. Having performed 58 ALPPS procedures in total, we can now conclude that ALPPS has become much safer in our hands since the 2015 meeting and that morbidity and mortality are no longer the issue to be discussed. Future research must focus on oncologic outcomes in these patients.
known experts in this field as well as prominent critics to discuss all aspects of the procedure over 2 days. The aim of the meeting was to reach a consensus on how the procedure could be advanced according to key recommendations of the meeting [27] . The involvement of our center with ALPPS started in 2011 [28] after a personal communication with Hans Schlitt. The purpose of this study is to show our experience over 6 years divided into a pre-and post-meeting period. With 58 ALPPS procedures performed in total, this appears to be one of the largest series worldwide.
Methods
Using our institution's prospective database for all ALPPS cases, we performed a complete workup of all patient data. We divided the identified 58 patients into 2 subgroups -before and after the 2015 ALPPS Meeting in Hamburg. We then analyzed technique, outcome, morbidity, and mortality, and provided follow-up for the first group.
From 03/2011 to 03/2017, 1,016 liver resections were performed in our department. A hypertrophy concept for staged procedures was used in 136 patients (3 classic 2-stage hepatectomies with portal vein ligation, 75 portal vein embolizations (PVE), 58 ALPPS), representing 13% of our total collective. As for colorectal liver metastases (CRLM), it is important to mention that all our patients received four cycles (more in a few cases) of modern chemotherapy (FOLFOX/FOLFIRI or later FOLFOXIRI) combined with antibodies (cetuximab/bevacizumab) to gain systemic control upfront, and also that stable disease or partial remission was a selection criterion for eligibility for an ALPPS approach.
Results

ALPPS 03/2011 to 02/2015 (Pre-Meeting Period)
A total of 33 ALPPS procedures were performed in this first period. Indications varied. ALPPS was mainly performed for CRLM (n = 22). Bilobar disease was present in 12 cases. A 'liver first approach' was used in 2 patients. Non-CRLM indications (n = 11) were hepatocellular carcinoma (HCC), cholangiocellular carcinoma (CCC), gastrointestinal stromal tumor, and other metastases. Mean age was 66.6 years with a mean Charlson comorbidity index of 9. 5 patients underwent ALPPS after PVE failed to induce hypertrophy ('rescue ALPPS'). Mean standardized future liver remnant (sFLR) volumes were 20% before step 1 (volume of additional atypical resections in the FLR was not measured) and 34% before step 2, with an absolute mean growth of 79%. In this period, we had already adopted a longer interval between steps, resulting in a mean period of 22 days.
Resections finally completed resulted in right hepatectomy plus multiple atypical resections in the FLR in 2 cases, extended right hepatectomy in 19 cases, and extended right hepatectomy plus atypical resections in the FLR in 10 cases. During step 1, we performed full transection with a liver hanging maneuver in the anterior approach and taping of structures as previously reported [29] (fig. 1); in 3 patients, a partial ALPPS procedure was performed.
Of the 33 patients, 31 entered into step 2, while 2 patients died after step 1 (a 78-year-old gentleman with CCC suffered cardiac failure on postoperative day (POD) 2 and could not be resuscitated; the other 73-year-old gentleman with HCC and nutritivetoxic Child A cirrhosis developed acute chronic liver failure as well as consecutive multiple organ failure after step 1 and died). No other patients manifested severe complications after step 1. Patients going on to step 2 suffered complications greater than Clavien-Dindo Grade IIIa in 27%. 5 patients were lost after step 2, accounting for an overall mortality of 20 and 15%, respectively, after completion of both steps.
The 5 patients lost after step 2 suffered liver failure. In 3 patients, the cause of liver failure was a small-for-size syndrome: 1 patient had a pre-step 2 sFLR of 22%, another patient had transient liver failure according to the International Study Group of Liver Surgery (ISGLS) definition [30] with a bilirubin level of 2.2 mg/dl pre-step 2; the third patient likely had a general problem with liver regeneration because his liver failed to show a hypertrophic response in spite of a technically good PVE with the sFLR only growing to 25.5% even after ALPPS step 1. The other 2 patients presented with liver failure provoked by cholestasis and cholangitis: Unfortunately, in 1 patient with gallbladder carcinoma, FLR volumetry was inappropriately performed and his sFLR was later corrected to be 19%. The other patient suffered septic multiple organ failure. He had undergone ALPPS as a rescue procedure for CRLM. After a 4-month stay in the intensive care unit due to severe aspiration pneumonia following resection of a stenosing sigmoid primary cancer, he refused chemotherapy, and surgery was left as the only option for his liver metastases. Even though the liver remnant had shown good hypertrophy, the patient was in severely impaired general condition and developed cholangitis and liver failure after step 2.
At this time, there were no restrictions for the use of ALPPS, although it was not performed for Klatskin tumors. Comorbidities and age were not seen as criteria based on which a patient considered fit for conventional liver resection would have been denied the procedure. Volumetry of the liver remnant was introduced in that period, but it was not standardized and had technical difficulties and sometimes produced suboptimal results. ALPPS procedures were performed by the same 3 surgeons with hepatobiliary specialist training.
ALPPS 03/2015 to 03/2017 (Post-Meeting Period)
A total of 25 ALPPS procedures were performed in the postmeeting period. This does not resemble an increase in the use of the ALPPS concept since the total number of liver resections/year increased to over 200 in this era. CRLM was the main indication for ALPPS in the majority of cases (n = 19). In 6 selected patients, other indications were approved (liver metastases from neuroendocrine tumor, solitary fibrous tumor of hemangiopericytoma type, duodenal cancer, CCC, 2 Klatskin tumors). All patients with CRLM suffered bilobar disease, therefore a 'liver first approach' was utilized more often with 9 cases in total [31] . With 52.6 years, the mean age was significantly lower, as was the Charlson comorbidity index at 7.
Mean sFLR volumes were 19.75% before step 1 (volume of additional atypical resections in the FLR was not measured) and 30.58% before step 2, with an absolute mean growth of 59%. Again, the interval between steps was longer at 24 days. Resections finally completed resulted in right hepatectomy plus multiple atypical resections in the FLR in 1 patient, extended right hepatectomy in 5 patients, and extended right hepatectomy plus atypical resections in the FRL in 14 patients. 1 monosegment 7 reverse ALPPS was included. In this period, during step 1, we performed partial (50%) liver transection with preservation of the middle hepatic vein and without mobilizing the right liver in 20 patients ( fig. 2) . Hybrid ALPPS -a combination of parenchymal transection of 50% with tumor clearance in the FLR and a right PVE 1 week later -was done in 3 patients; only in 1 patient we managed to go on to step 2. In 2 patients with Klatskin tumors, right + segment 4 PVE was followed by laparoscopic parenchymal transection as a rescue procedure for insufficient FLR growth.
Of the 25 patients, only 21 went on to step 2. Reasons for dropout (16%) were slow hypertrophy and rapid progress of disease while waiting for step 2 in 2 patients. Of the remaining 2 patients, 1 patient with insufficient hypertrophy after hybrid ALPPS received a 'rescue' right hepatic vein embolization (HVE) after waiting for months; and the other patient with Klatskin tumor, who had undergone laparoscopic hybrid partial ALPPS as step 1, repeatedly refused to go on to step 2 despite good hypertrophy because his clinical condition was excellent and cholestasis was well controlled. Overall, severe morbidity defined as greater than Clavien-Dindo Grade IIIa occurred significantly less with 16%. We did not lose any patient directly due to ALPPS; however, 1 patient who failed to demonstrate hypertrophy of the FLR after step 1 underwent 'rescue PVE' of a newly developed segment 4 portal collateral followed by 'rescue right HVE', which eventually produced adequate hypertrophy. He was able to undergo right trisectionectomy 4 months after step 1; however, he developed an unexplained 40 ° C fever and died of septic multiple organ failure on POD 14. Hence the accurate overall mortality was 4% in the post-meeting period. Results are summarized in table 1.
Discussion
Is an expert meeting able to have an impact on the daily routine and practice of a new method? If IDEAL (Idea, Development, Exploration, Assessment, Long-term Follow-up) guidelines [32] on how to reach a formal consensus on a new method are explored, probably not. Still, this expert meeting on ALPPS can be considered extraordinary because it fostered discussions between leaders in the field and gave way to new variations, insights, and experiences across the world. It also included all prominent voices expressing their concerns about the use of this method, cautioning the community to realize the need for some change to enable better results. The meeting's extracts were published in Annals of Surgery in 2016 [27] .
Taking on board what we learned in the ALPPS meeting, we aimed for a better selection of patients. This is reflected in the fact that patients treated after the meeting were significantly younger and had less comorbidities. Meticulous planning of the operation based on diagnostic imaging is important as well as an interest and expertise in volumetry for calculating the sFLR [33] [34] [35] [36] . This was implemented in our center in a way that only 1 radiologist with a special interest in HPB radiology, who also performed PVE himself, was in charge of volumetric analysis. From a technical point of view, we opted for a decrease in trauma during step 1 as proposed by de Santibañes et al. [37] and adopted partial ALPPS aiming at 50% parenchymal transection with preservation of the middle hepatic vein. Derived from the principle of formation of new portal collaterals as an obstacle in the progress towards hypertrophy in our PVE patients [38] , we deliberately took time during step 1 to ensure the division of all possible segment 4 portal collaterals coming from the left portal branches as identified by intraoperative ultrasound. The preparation in the hepatoduodenal ligament was minimized to a direct access to the portal vein for its transection as well as tagging of the right hepatic artery. Before the ALPPS meeting, we used the liver hanging maneuver and anterior approach in step1; now hanging is no longer used. However, we still avoid mobilization of the right liver during step 1.
Looking at our data, we can conclude that we succeeded in enabling sufficient growth in the FLR to go on to step 2 in most pa- tients. Giving that the starting sFRL was equivalent in the 2 groups (below 20%) before step 1, patients did not experience the same amount of growth with partial ALPPS (79 vs. 59%) in their FLR; nevertheless, there was enough volume to go on to step 2. The effectiveness of partial ALPPS was also studied multi-institutionally with the results leading to the same conclusion [39] . Gaining systemic control of the tumor upfront in patients with CRLM seems logical in these borderline resectable cases. Stable disease or partial remission seems a good criterion to select patients eligible for an ALPPS approach. We have not seen any impairment in hypertrophy even in partial ALPPS after chemotherapy, which corroborates the published data [40] . Hence we believe that 3-4 cycles of neoadjuvant chemotherapy are adequate prior to surgery, allowing good tumor control without impairing liver regeneration.
From the beginning, it was our policy to not strictly follow the '9-day' dogma between the 2 steps, and this has not changed in the post-meeting period. However, with a cautious view on liver function assessment, we now wait slightly longer before step 2 to ensure normal liver function -lessons learned from the ALPPS meeting and from experiences published by the registry [24, 41] . From current data based on all kinds of liver function assessment tests (e.g. HIDA scan), we now know that volume does not immediately equal function [42, 43] ; hence we have learned to be cautious in that regard. It could be argued that a 3-week waiting time between steps for patients with CRLM comes close to the waiting period after PVE [20, 44] . However, this is not really the point; our patients with CRLM all suffered bilobar disease and had pre-step 1 sFLRs of far below 20%. Even with a perfect result after PVE, it would be unlikely that a patient could go on to step 2 after 3 weeks. Undoubtedly, step 2 surgery after partial ALPPS is technically much more challenging compared to step 2 after full ALPPS, especially after a longer waiting period. For this reason, we adhere to the principle of the same 2 surgeons with experience in ALPPS being in charge in the operating theatre for both step 1 and 2, with an independent assessment of the anatomy being carried out by each surgeon before transection of structures. Where Launois' maneuver is feasible, it enables transection far away from the left hilar structures with a stapler device, which has proven to be a good method in our practice. Our experience with hybrid ALPPS [45] has been inconclusive so far. We opted for this method in CRLM patients requiring extensive resection of metastases in the FLR in whom we felt portal occlusion would be too invasive at this point. Of 3 patients with CRLM undergoing this procedure, 2 could not proceed to step 2 because of insufficient hypertrophy and disease progression. To accept a dropout rate of 4/25 patients with respect to their individual regenerative capacity of the liver was a new aspect for us in the post-meeting period. Still, a dropout rate of 16% is half that reported for PVE cases. On the other hand, we have found a new concept for the treatment of Klatskin tumors, as we still see ALPPS as an option in selected cases [46] . In 2 Klatskin tumor patients (Bismuth IIIa type), PVE extended to segment 4 was followed by laparoscopic partial ALPPS because hypertrophy of the sFLR was insufficient. After this, both patients had sufficient hypertrophy to go on to step 2. 1 patient refused step 2 surgery while the other received R0 clearance of his tumor without any complications. Next to the initially reported 'rescue ALPPS' after PVE failure [5] , with advances in interventional technique and center experience, we can now also provide 'rescue PVE' for some new portal collaterals that form after step 1 as well as 'rescue HVE' if the FLR volume does not increase enough. We do not see PVE, 2-stage hepatectomy, and ALPPS as concurring methods for treating the same patients -they are rather variations of the same theme to treat selected patients who are at the far end of the resectability spectrum. Looking at this issue from the M&M perspective, ALPPS has proven to produce good results while maintaining an M&M comparable to large PVE series. The 5-6% mortality rate after PVE or 2-stage hepatectomy [19, 21, 47] , and also our 4% mortality rate of ALPPS in the new era, highlight the fact that we are treating patients suffering from extensive disease with palliative chemotherapy as the only other option. This is consistent with data from the ALPPS registry, where mortality was 8% in total and 5% in patients suffering from CRLM and being <60 years of age [26] . With these complex oncologic strategies and technically even more complex surgeries, it is unlikely that we will ever reach a 0% mortality rate [48] . In this respect, we have to keep in mind that even palliative chemotherapy has a 90-day mortality of 5.5% according to large series [49] . The community should therefore come together more frequently and share their experience within special meetings as was done for ALPPS to further develop clinical strategies.
Since we seem to have conquered the problem of M&M 10 years after the ALPPS procedure was first performed, one big question remains: Does our strategy make sense oncologically? Our group was the first to advise caution on this issue after early recurrences were noted [50] . Still, if patients go through tumor clearance of the liver once, they have better survival, which we know from multiple series. And this is also true for patients treated with ALPPS [51, 52] . The difference is that with ALPPS disease-free survival may be lower than with conventional 2-stage hepatectomy, but survival maybe comparable [53, 54] . With all the advances in modern combination chemotherapy, it looks like survival on chemotherapy for CRLM is just reaching over 20 months in selected groups of patients [55, 56] , but these data are very complex and include patients who successfully underwent surgery after chemotherapy. We know that patients after ALPPS can live longer than those not receiving ALPPS [52, 54] , and survival data from larger series are to be awaited. However, unfortunately, there is currently no study comparing surgical approaches ad extremis with palliative chemotherapy in a prospective way.
Conclusion
From our single center experience of 58 cases (33 pre-and 25 post-meeting), we can conclude that the Hamburg international ALPPS meeting had a tremendous impact on our practice of ALPPS. We have succeeded in reducing severe complications to 16% and have not lost any patients within 90 days of step 1 or 2. From a technical point of view, we have managed to implement partial ALPPS as an effective alternative that is equally effective in producing the required hypertrophy. The results achieved with partial ALPPS may not be exactly the same compared to complete ALPPS but are enough to proceed to the step 2 operation.
M&M should no longer be the main focus of discussion in ALPPS. To answer the question of oncologic benefit for the patients, we propose a randomized trial in patients with bilobar CRLM, with randomization to palliative chemotherapy alone or to staged surgical procedures including ALPPS after induction chemotherapy.
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